Thiazolidinediones (TZDs) include a group of antihyperglycemic agents that enhance insulin sensitivity and reduce insulin resistance at sites of insulin action specifically skeletal muscles, liver and adipose tissue. In September 2010, the FDA has launched a safety review of pioglitazone citing preliminary epidemiologic evidence suggesting that pioglitazone may be linked to a higher risk for bladder cancer. Bladder tumors were seen in male rats receiving a clinical dose of pioglitazone. Also, in 2 clinical studies, patients receiving pioglitazone experienced a higher rate of bladder cancer than patients taking other agents (Lewis et al., 2008). In this study, the genotoxic and cytotoxic potential of pioglitazone (20, 40 and 80mg/kg, orally daily for 4 weeks) was evaluated against the nicotinamide (230mg/kg) and streptozotocin (65mg/kg) induced somatic and germinal cells defect using a battery of in vivo cytogenetic assays such as the micronucleus, chromosome aberration, mitotic index and sperm abnormality test in male Wistar rats. The obtained results demonstrated that pioglitazone significantly reduced the diabetes-induced genetic damage in both somatic and germinal cells and improved the cell proliferation changes in somatic cells which was attributed to its antioxidant properties. A significant elevation, however, in polyploidy was noticed in the diabetic rats treated with 80mg/kg of pioglitazone. As numerical chromosomal aberrations have also been associated with tumorigenesis, this observation suggests a possible genotoxic effect of pioglitazone when used for a long period in treating diabetes.
INTRODUCTION
Diabetes mellitus (DM) is a serious and growing health problem worldwide and is associated with severe acute and chronic complications. Both diabetes and cancer are prevalent diseases whose incidence is increasing globally (Vigneri et al., 2009) . The association between cancer and diabetes has been investigated extensively and most, but not all studies, found that DM is associated with an increased risk of several types of cancer (Vigneri et al., 2009) .
Oxidative stress can be associated with type II DM and reactive oxygen species produced during this stress may cause DNA damage (Poulsen, 2005) . Moreover, individuals with DM have reduced antioxidant defense capacity (Nuttal et al., 1999) .
It has been reported that DNA damage and repair play a major role in neoplastic transformation, because mutations in DNA repair genes (e.g. BRCA1 and BRCA2) can be directly related with cancer and the efficacy of DNA repair may determine the susceptibility to carcinogenesis (Cousineau et al., 2005) . The oxidative damage to the germinal cells is considered to be the leading cause for infertility and other congenital and developmental defects (Singh et al., 2004) . This oxidative DNA damage and the decreased efficacy of DNA repair can contribute to the genetic damage in diabetics and, in consequence, to cancer (Powell et al., 2005) . Thiazolidindiones belong to the class of drugs known as insulin sensitizers. They enhance insulin sensitivity by increasing the efficiency of glucose transporters and reducing both fasting and postprandial glucose concentrations. Thiazolidindiones activate peroxisome proliferator activated γ (PPAR γ) nuclear receptors throughout the body, exerting their main insulin-sensitization in fat and muscles (Fonseca and Kulkarni, 2008) . Beyond the metabolic actions, several studies indicate that TZDs may have anticancer properties in a variety of different epithelial malignancies (Blanquicett et al., 2008) . In vitro studies indicate that PPAR γ agonists have several anticancer activities, such as inhibiting growth and inducing apoptosis and cell differentiation (Ohta et al., 2001) , and PPAR γ is currently considered a potential target for both chemoprevention and cancer therapy (Panigrahy et al., 2005 and Ondrey, 2009 ). However, data on these insulin-sensitizing drugs (thiazolidinediones) are still controversial because other studies suggest that TZDs can potentiate tumorigenesis, and they have been considered by some to be multi-species, multi-sex carcinogens (Rubenstrunk et al., 2007) . Studies in colon and breast carcinogenesis have shown that TZDs dependent activation of PPAR γ leads to an increase of tumor formation (Saez et al., 1998 and Saez et al., 2004) . Urothelial tumors in rats, particularly in the urinary bladder, have become an increasing concern with respect to predicting possible human cancer risk for PPAR γ agonists (El-Hage, 2005) . Therefore, the effect of TZDs on the risk of cancer or cancer progression in humans is still unclear (Rubenstrunk et al., 2007) . Among the battery of tests available, micronucleus test, chromosomal aberrations, mitotic activity and sperm abnormality assays are commonly employed to evaluate the drug/disease induced mutations (Chauhan et al., 2000) .
The present study aimed at exploring the likelihood of development of genetic damage in somatic and germinal cells in type 2 diabetic rat models following the administration of pioglitazone. A battery of in vivo cytogenetic assays, through several endpoints such as induction of micronuclei, chromosome aberrations and mitotic activity of bone marrow cells as well as evaluation of the effect of pioglitazone administration on sperm count and sperm shape abnormalities have been carried out.
MATERIALS AND METHODS

Drugs and Chemicals
Streptozotocin was purchased from MP Biomedicals, LLC., France while nicotinamide was purchased from Alpha Chem., India. Pioglitazone was supplied as a gift from Medical Union Pharmaceuticals CO., S.A.E. Staining reagents and other chemicals used in this study were of analytical grade and procured from Loba Chemie PVT. LTD. Mumbai, India and El Nasr Pharmaceutical chemical CO., Egypt.
Experimental Animals
This study was conducted on adult male Wistar albino rats. Animals were obtained from the animal house of Faculty of Medicine, Assuit University. Their weight ranged between 180-250 grams and their age ranged between 12-14 weeks. Rats were housed in groups in clean capacious cages under standard laboratory conditions including good aerated room with suitable temperature (25 ± 5ºC), maintained at good light. They were fed with standard rodent food and had free access to water.
Experimental Design
In the present study, rats were divided into the following groups; each consisting of 6 rats. Group I: Control non-diabetic rats. Group II: Control diabetic rats, non-treated. Group III: Diabetic rats treated with pioglitazone, orally in a dose of 20 mg/kg body weight daily for four weeks. Group IV: Diabetic rats treated with pioglitazone, orally in a dose of 40 mg/kg body weight daily for four weeks. Group V: Diabetic rats treated with pioglitazone, orally in a dose of 80 mg/kg body weight daily for four weeks. Sampling was done 24 hours after the last dose. The doses of pioglitazone were selected as previous reports (Bedir et al., 2008) .
Experimental Induction of Diabetes
Type 2 diabetes was induced by combination of streptozotocin (STZ) and nicotinamide (NAD) in adult rats. The rats administered NAD (230 mg/kg, I.P.) dissolved in saline 15 min before STZ (65 mg/kg, I.P.) to develop moderate and stable hyperglycemia. Streptozotocin was freshly dissolved in sterile 0.9% saline solution. The control non-diabetic rats were injected with an equal volume of sterile 0.9% saline solution. Blood glucose level was determined 72 hours after STZ injection by FreeStyle Freedom® Lite glucometer. The diabetic rats included in the study had blood glucose level > 200 mg/dl (Rabbani et al., 2009) . Treatment with pioglitazone was started on the fourth day after STZ injection (i.e., after the estimation of blood glucose).
Experimental procedures: Cytogenetic assays: Micronucleus assay (MN)
The bone marrow MN assay was performed as the method described by Attia and his colleagues 2009. Rats were sacrificed under light ether anesthesia at the specified time after treatment with pioglitazone and both femurs were dissected out. The epiphyses were cut off and the bone marrow cells were flushed out in conical centrifuge tubes using 1cc syringe containing hypotonic (0.56%) potassium chloride solution. The cells were allowed to stand in the hypotonic solution for 15 minutes at room temperature (or 37ºC if room is cool). The suspension was then centrifuged at 400 rpm for 5 minutes and the pellet was carefully suspended in 2 ml of freshly prepared fixative (methanol:glacial acetic acid, 3:1). The cells were allowed to stand in it for 30 minutes at room temperature (or 37ºC if room was cool). Centrifugation was done again at 400 rpm for 5 minutes. Supernatant was discarded and another 2 ml of fresh fixative was added. The process of centrifugation was repeated twice more before slide preparation (Attia et al., 2009 ).
Slide preparation:
Two smears of bone marrow were prepared from each rat. Slides were prepared by putting few drops of fixed cells on dry, clean, grease-free slides and were allowed to dry in air. After air drying, the smears were coded and stained by 5% Giemsa stain [stock Geimsa stain/ distilled water] for 15 minutes. From each animal, 1000 polychromatic erythrocytes (PCEs) were examined for micronucleated erythrocytes (MNEs) under 1000x magnification using an Olympus microscope (Attia et al., 2009) .
Metaphase Chromosome aberrations assay
At the specified time after treatment, groups of rats were intraperitonially injected with colchicine (0.5%) at 4mg/kg 90min before sacrifice (Attia et al., 2009 ). The slides for chromosome analysis were prepared and stained as described earlier in the micronucleus assay. All slides were coded and scored under 1000x magnification using an Olympus microscope. Fifty well-spread metaphase plates per rat were scored for both structural aberrations and polyploidy in bone marrow cells [300 metaphases for each group].
Cells were classified according to the most severe damage which had occurred and were placed in only one of four categories: 1-Cells with DNA break (e.g. chromosomal breaks and chromatid breaks). 2-Acentric fragments. 3-Centric rings (i.e. ring chromosomes). 4-Polyploidy (i.e. cells contain multiples of the haploid chromosome number (n) other than the diploid number (i.e., 3n, 4n and so on).
Evaluation of the mitotic activity of bone marrow cells by estimation of the mitotic index (MI)
From the same slides of metaphase chromosome aberration assay, 1000 cells from each animal were taken into consideration for the mitotic activity study, mitotic index. The mitotic index of bone marrow was evaluated by calculating the number of dividing cells in a population of 1000 cells (Attia et al., 2009) .
Cauda epididymal spermatozoa evaluation:
For sperm characteristic analysis, the epididymal content of each rat was collected to estimate the frequencies of sperm count and sperm shape abnormalities. Immediately after scarification, both caudae epididymes of each animal were dissected and incisions were made. Then they were placed individually into tubes filled with 3ml of phosphate buffer saline. The tubes were placed in an incubator at 32ºC for 30 min to allow the sperm to actively leave the epididymes. The slides were examined by bright field microscope with an oil immersion lens according to published protocol (Wyrobek and Bruce, 1975) . Two hundred sperms per group were scored and the abnormalities were categorized as close as to those described by Wyrobek and Bruce, (1975) . Abnormal sperms had forms readily recognizable as amorphous, without hook, headless tails, triangular and tail abnormality. Sperm count was determined under the microscope using a Neubauer hematocytometer according to the World Health Organization manual for the examination of human semen and two counts per animal were averaged (World Health Organization, 1992) .
Blood glucose estimation
Fasting blood glucose estimation was done using the glucometer (FreeStyle Freedom® Lite glucometer, TheraSense, Inc., U.S.A.). Blood sampling was done via the tail incision method. A drop of blood collected from the tail vein was gently applied over the test zone of the glucometer and the blood glucose level was recorded immediately as mg/dL. Data analysis: Statistical analysis was done using the computer software Graphpad Prism 5.0. Data were expressed as the mean ± standard error (SE) of the means for each group. The frequency of chromosomal aberration was computed as the number of aberration per total metaphases at each group. When two groups were compared, unpaired t-test was used. The difference was insignificant at pvalue > 0.05, significant at p-value < 0.05. The results of the assessed parameters in different treatment groups were compared with the diabetic untreated control group and the non-diabetic control group by one way analysis of variance (ANOVA). Analyses revealing p-values < 0.05 were deemed to be statistically significant.
RESULTS AND DISCUSSION
Effect of 4 weeks exposure with pioglitazone on the frequency of bone marrow micronuclei in NA-STZ induced diabetic rats:
The results of the micronucleus assay are presented in Table 1 . Significant increases in the frequency of MNEs were observed in all diabetic rats in comparison with the control non-diabetic rats [p < 0.05 (unpaired t-test) ]. Diabetic animals treated with 20mg/kg of pioglitazone showed a significant reduction in the frequency of MNEs in comparison with the diabetic control group [p < 0.05 (one-way ANOVA followed by Dunnett test for multiple comparisons)]. A significant reduction was also observed in the diabetic animals treated with both 40 and 80mg/kg of pioglitazone in comparison with the control groups [p < 0.05 (oneway ANOVA followed by Dunnett test for multiple comparisons)]. 
Effect of 4 weeks exposure with pioglitazone on the frequency of structural chromosomal aberrations in NA-STZ induced diabetic rats:
The results of the structural chromosomal aberrations (CAs) are presented in Table 2 . Significant increase in the frequency of total chromosomal aberrations was observed during the diabetic phase [p < 0.05 (unpaired t-test) ]. Cells with chromosomal breaks were observed frequently in the diabetic rats and were statistically significant in comparison with the non-diabetic control group [p < 0.05 (unpaired t-test)]. Treatment with 20mg/kg of pioglitazone showed a significant decrease in the frequency of total chromosomal aberrations when compared to the diabetic control group [p < 0.05 (one-way ANOVA followed by Dunnett test for multiple comparisons). Cells with chromosomal breaks were also observed in the rats treated with the previous low dose of pioglitazone and were statistically significantly lower in comparison with the diabetic control group [p <0.05 (one-way ANOVA followed by Dunnett test for multiple comparisons). Ring chromosomes were statistically lower in comparison with the diabetic control group [p < 0.05 (one-way ANOVA followed by Dunnett test for multiple comparisons). Cells with chromosomal breaks and total chromosomal aberrations were statistically significantly lower in comparison with the diabetic control group [p < 0.05 (one-way ANOVA followed by Dunnett test for multiple comparisons)] in the diabetic animals treated with 40 and 80 mg/kg of pioglitazone.
Effect of 4 weeks exposure with pioglitazone on the induced mitotic arrest in NA-STZ induced diabetic rats:
Mitotic index data recorded in the bone marrow cells at metaphase stage are also presented in Table 2 . Drastic inhibition in the mitotic activity of bone marrow cells was recorded in all diabetic rats when bone marrow cells were sampled during the diabetic phase [p < 0.05 (unpaired t-test)] when compared with the non-diabetic control group. The mitotic activity of bone marrow cells was elevated in diabetic rats treated with 20mg/kg pioglitazone but was statistically insignificant when compared with the diabetic control group [p > 0.05 (one-way ANOVA followed by Dunnett test for multiple comparisons). In the diabetic groups treated with 40 and 80mg/kg of pioglitazone the mitotic indices were significantly elevated in comparison with the diabetic control group [p < 0.05 (one-way ANOVA followed by Dunnett test for multiple comparisons). Table 3 : Frequencies of polyploidy in bone marrow cells of non-diabetic and diabetic rats 24h after the last treatment with the indicated doses of pioglitazone. Frequencies expressed as mean ± SE for 6 observations. * p < 0.05 vs non-diabetic control (unpaired t-test). a p < 0.05 vs non-diabetic control, b p < 0.05 vs diabetic control (one-way ANOVA followed by Dunnett test for multiple comparisons). (20) Diabetic+Pioglitazone (40) Diabetic+Pioglitazone (80) 0.2 ± 0.01 0.54 ± 0.02* 0.5 ± 0.01 a 0.56 ± 0.01 a 0.69 ± 0.03 ab Effect of 4 weeks exposure with pioglitazone on the frequency of polyploidy in NA-STZ induced diabetic rats. The results of polyploidy are presented in Table 3 . Significant increase in the frequency of polyploidy was observed during the diabetic phase [p < 0.05 (unpaired t-test) ] when compared with the nondiabetic control group. Diabetic animals treated with 20mg/kg of pioglitazone showed a nonsignificant reduction in the frequency of polyploidy when compared to the diabetic control group [p > 0.05 (one-way ANOVA followed by Dunnett test for multiple comparisons)]. Treatment of diabetic animals with 40mg/kg of pioglitazone showed a non-significant elevation in the frequencies of polyploidy in comparison with the diabetic control group [p > 0.05 (one-way ANOVA followed by Dunnett test for multiple comparisons). Treatment of diabetic animals with 80mg/kg of pioglitazone showed a significant elevation in the frequencies of polyploidy in comparison with the diabetic control group [p < 0.05 (one-way ANOVA followed by Dunnett test for multiple comparisons).
Effect of 4 weeks exposure with pioglitazone on the frequency of sperm count and sperm morphology in NA-STZ induced diabetic rats:
The results of sperm count and sperm shape abnormalities are presented in Table 4 . Administration of NA-STZ significantly increased the occurrence of sperm shape abnormalities and reduced the sperm count compared to the control non-diabetic animals [p < 0.05 (unpaired t-test) 1.0 ± 0.5 13.6 ± 1.11* 9.16 ± 0.6 ab 7.16 ± 0.4 ab 5.5 ± 0.22 ab * p < 0.05 vs non-diabetic control (unpaired t-test). a p < 0.05 vs non-diabetic control, b p < 0.05 vs diabetic control (one-way ANOVA followed by Dunnett test for multiple comparisons). 
DISCUSSION
Diabetes mellitus itself is not responsible for a high mortality and morbidity among diabetic patients. They are caused mainly by its complications, first of all coronary heart disease, which are consequences of oxidative stress associated with diabetes (Nuttal et al., 1999; Clark, 2002) . Some reports suggest also that diabetes can be associated with cancer, but the mechanism underlying this association is unclear (Lindbland et al., 1999) . A previous study demonstrated that type II diabetes mellitus was linked with an elevated level of oxidative DNA damage, the increased susceptibility to mutagens and the decreased efficacy of DNA repairing enzymes (Blasiak et al., 2004) . Oxidative DNA damage may contribute to cancer promotion and progression, therefore, it can be considered as an element of the link between diabetes and cancer (Evans and Cooke, 2004) . This study was conducted using a group of in vivo cytogenetic assays for evaluation of the possible genotoxic and cytotoxic potential of insulin glargine in diabetic rats, through several endpoints using the rat bone marrow. These are effective and sensitive short-term in vivo bioassays that utilize cytological damage as an end-point in detecting and screening chemical agents that induce chromosomal damages and rearrangement in vivo (Sanchez et al., 1988) . In vivo cytogenetic methods are preferred to in vitro tests because of metabolic activation and detoxification of compounds that occur in the intact animals (Natarajan et al., 1976; Evans, 1977) .
The diabetogenic agent STZ is a potent alkylating agent known to directly methylate DNA with subsequent induction of DNA strand breaks, chromosomal aberrations and DNA damage in mammalian cells in vitro (Weiss, 1982; Bolzan and Bianchi, 2002; Blasiak et al., 2004) . Streptozotocin is also demonstrated to be carcinogenic in rats, mice and hamsters (Weiss, 1982) . Certain in vivo genotoxicity studies have shown that STZ significantly elevated the MN in the mouse bone marrow cells (Liegibel et al., 1992; Chinnaswamy et al., 1998) . In addition, an in vivo study carried out by Vikram et al. (2007) showed a marked increase in the MN and DNA damage in the bone marrow cells of rats treated with STZ. Moreover, the study conducted by Attia et al. (2009) showed a significant increase in the frequency of MN, total chromosomal aberration and reduction in mitotic indices in the rats treated with STZ. In agreement with the above-cited reports, the present study showed that exposure to STZ caused significant increase in the MN frequencies, total chromosomal aberration and reduction in mitotic indices as compared to the values obtained with control non-diabetic. The genetic damage observed in the rats with experimental diabetes, could be explained by many physiological changes caused by the pancreatic β-cell destruction induced by streptozotocin. This damage may trigger inflammatory processes, as well as hyperglycemia-induced oxidative stress, that may be sufficient to increase the genetic damage (Davi et al., 2005) . Oxidative stress is associated with increased free radical production and as a 1 2 3 4 5 6 7
consequence, with increased genetic damage (Ramos-Remus et al., 2002; Batista-Gonzalez et al., 2006) . The data of the present study demonstrated that administration of pioglitazone at a dose of 20, 40 and 80 mg/kg daily for four weeks reduced the frequencies of MNEs, total chromosomal aberrations (structural) and enhanced the mitotic indices. The administered doses also increased the sperm count and reduced the sperm shape abnormalities in hyperglycemic rats. The antioxidant profile indicated that the investigated drug elevated the plasma levels of total antioxidant enzymes and reduced the serum levels of MDA. These results are supported by the findings of Rabbani et al. (2008) which showed that administration of pioglitazone at doses of 1, 10 and 100 mg/kg for four weeks exhibited a significant suppression of micronuclei formation, reduction in the total number of sperm abnormality and elevation in sperm count. Moreover, Rabbani et al. (2010) showed that oral administration of pioglitazone at doses of 1 and 10 mg/kg for four weeks reduced the sperm shape abnormalities and increased the sperm counts besides decreasing the LPO and enhancing the reduced glutathione and GPx levels in the diabetic rats. Lipid peroxidation occurs when ROS attack the polyunsaturated fatty acid residues of phospholipids of the cell membrane, which is extremely sensitive to oxidation. Spermatozoa are highly susceptible to damage by excess concentrations of ROS due to a high content of polyunsaturated fatty acid within their plasma membrane (Yagi, 1987 and Kumar et al., 2002) . The ability of pioglitazone to minimize the chromosomal damage in both somatic and germinal cells can be attributed to its antioxidant property since inhibition in the free radicals action is known to suppress the nuclear damage (Saiki et al., 2007) . The antioxidant activity of pioglitazone has been extensively studied by other investigators. The study of Gumieniczek et al. (2008) indicated modulation of oxidative stress by pioglitazone in diabetic rabbits. In diabetic rabbits, an increase in the activity of antioxidative enzymes: SOD, CAT, GPx and glutathione reductase was observed. These effects were accompanied by a significant decrease in lipid oxidation. In addition, the study of Toblli et al. (2009) showed that chronic administration of pioglitazone 12mg/kg for four to five months led to the reduction of malonyldialdehyde production and the increase of the reduced glutathione/oxidized glutathione (GSH/GSSG) ratio levels in type 2 diabetic rats. Similarly, the study of Karabas and his colleagues (2013) indicated that oral administration of pioglitazone for four weeks into STZ-diabetic rats was able to reduce lipid peroxides and to increase the levels of CAT, SOD and reduced glutathione. Recently, attenuation of oxidative stress was observed in the skeletal muscles of type 2 diabetic mice treated with pioglitazone (Takada et al., 2014) . The antioxidant activity of pioglitazone is reported to be mediated by blocking the vicious cycle of ROS production, improves insulin sensitivity and halts the proinflammatory signaling transduction (Hsiao et al., 2008) . An earlier study conducted by Bedir et al. (2008) to evaluate the genotoxic potential of pioglitazone indicated that the daily treatment of pioglitazone to rats has increased the percentage tail DNA damage in hepatocytes and lymphocytes. Enhancement in the oxidative stress due to generation of free radicals from the mitochondrial and/or extra mitochondrial sources was considered as the possible reason for the pioglitazone mediated nuclear damage (Bedir et al., 2008) . Several studies in the past, however, have reported that TZDs posses potent antioxidant property. Both rosiglitazone and pioglitazone are known to exhibit an antioxidant effect against free radicals by enhancing the endogenous antioxidant enzyme defense (Gumieniczek, 2005; Bao et al., 2007 and Saiki et al., 2007) . In vitro data demonstrate that multiple CYP isoforms are involved in the metabolism of pioglitazone. The isoforms involved are the hepatic CYP2C8, and, to a lesser degree, CYP3A4, with additional contributions from a variety of other isoforms including the extrahepatic metabolism of pioglitazone within the lymphocytes by CYP1A1 (Bedir et al., 2008) . The ability of rosiglitazone and pioglitazone to induce the DNA damage in the liver cells could be because; TZDs are primarily metabolized in liver by CYP2C8 and CYP3A4 enzymes, the oxidative stress that occurs due to the metabolism might have produced the localized damage to the hepatocytes DNA (Bedir et al., 2006) . Meanwhile, the pioglitazone induced nuclear damage to the lymphocytes may be attributed to the extrahepatic metabolism of pioglitazone within the lymphocytes by CYP1A1 (Bedir et al., 2008) . A significant increase in polyploidy was observed in the diabetic animals treated with 80mg/kg of pioglitazone for two and four weeks which was an interesting finding observed in the present study. Previous researches have shown that breast cancer susceptibility genes 1 and 2 (BRCA1/2) are known as tumor suppressor genes playing critical roles in DNA repair, cell cycle checkpoint control and in maintenance of the genomic stability. Both BRCA1 and BRCA2 suppress the cell cycle progression (Schuldt, 2001; Misra et al., 2010 and Shabbeer et al., 2012) . Cancer cells in tissues of BRCA1 or BRCA2 mutation carriers are usually near tetraploidy and polyploidy (Jonsdottir et al., 2012 and Yu et al., 2012) . In mammary epithelial cells, blocking BRCA1 function leads to the aberrant mitosis with binuclear and tetraploidy cells (Schlegel et al., 2003) . Likewise, in murine embryo fibroblasts and cervical cancer cells, the absence of BRCA2 impairs the completion of cell division due to abnormal cytokinesis, leading to chromosomal polyploidization (Daniels et al., 2004) . Yoshihara et al. (2012) found that common genes involved in cell cycle or cell proliferation were downregulated by pioglitazone treatment. These genes include G1/S or G2/M checkpoint related genes, breast cancer 2 and others. Therefore, the deprivation of BRCA1/2 would promote the abnormal cytokinesis and enhance the cell multinuclearity polyploidy and tetraploidy to modulate tumorigenesis (Wang et al., 2014) . On the light of all of these results, the authors of this study can conclude that pioglitazone possess a genotoxic effect when used for a long period in treating diabetes because numerical chromosomal aberrations have also been associated with tumorigenesis.
